128   XIII DETERMINATION OF THERMODYNAMICAL MAGNITUDES.
scale, for constancy of temperature can be sliown by any thermometer whatever. If t is the measure of temperature indicated by such a thermometer, it is obviously experimentally possible to determine for the gas an equation of the form
(181)                                   f(i>, v, 0 = 0
in which t is a definite but for the present unknown function of the absolute temperature T. As an example of the result of such a determination we might cite Van der Waals' empirical formula in the form
(182)
the form of <p(T} being as yet undetermined.
To determine the deviations from Joule's Law one of the most usual methods is that adopted in the classical experiments of Joule and Kelvin of which we now proceed to give such details of principle as are necessary to understand the theory.
130. The porous plug experiments. A gas is allowed to flow steadily through a tube containing a series of holes or a porous plug in traversing which it undergoes a fall of pressure, and a certain quantity of mechanical work is done against the friction of the plug, the viscosity of the gas etc., the exact nature of such internal resistances being immaterial. We thus have a case of irreversible conversion of work into heat, and instead of the equations of reversible -thermodynamics, the modifications of § 112 are applicable. The effects observed consist generally speaking in a cooling of the gas which can be determined quantitatively in two ways:
(a)  The gas may be kept at its original temperature by enclosing the apparatus in a calorimeter, and the quantity of heat absorbed for every unit mass of gas that flows through the plug may be measured by the calorimeter and finally reduced to work units.
(b)  The pipe  and plugs  may  be  enclosed in a non-conducting envelope, the gas receiving no heat from without, and the difference of temperature  on the  two sides  of the  plug may  be  measured by an ordinary thermometer.
The kinetic energy of the in- and outflowing gas is usually small enough to be neglected though, if desired, a correction for this could be easily applied.
(a) Taking the first method, let pl} % and jp2, v2 be the pressure and volume of unit mass of the gas before and after passing the plug, q the heat which it absorbs . from the calorimeter. To form an estimate of the external work done in forcing the gas through the plug, it may be assumed that moveable pistons are placed in the